We describe the characteristics of a Rhinocerotidae femur and tibia found within sea-floor sediments in the Bisan-Seto region, western Japan, a region for which the mammal fauna has been assigned the Middle Pleistocene age. Based on morphological and metrical comparisons between the studied specimens and those from Pleistocene rhinoceroses from Eurasia (Stephanorhinus, Coelodonta, and Rhinoceros), the studied specimens can be referred to as Stephanorhinus sp., although their more specific identification is not possible given a lack of further skeletal elements. Nevertheless, our study confirms the presence of Stephanorhinus during the Middle Pleistocene in Japan and supports similar finds elsewhere in western Japan (e.g., Isa in Yamaguchi Prefecture).
Introduction
The Quaternary sediments that are distributed on the seabed of the Seto Inland Sea in western Japan (Fig. 1 ) have yielded abundant land mammal fossils (Kurashiki Museum of Natural History, 1988) . In particular, fossils have been discovered in the Bisan-Seto area of the Seto Inland Sea, which is situated between Okayama and Kagawa prefectures (Fig. 1) . The mammal fossils that were collected by Mr. Keiichi Yamamoto are known as the Yamamoto collection (Kurashiki Museum of Natural History, 1988) . Of these, a radius fragment and a tibia of rhinocerotid were tentatively described as Rhinocerotidae gen. et sp. indet. by . A femur of rhinocerotid was also reported as Rhinocerotidae gen. et sp. indet. by Taruno (2000) without any descriptions or comparisons made.
In Japan, several rhinocerotid fossils have been described (Shikama, 1967; Shikama et al., 1967; Okazaki, 2007; Ogino et al., 2009; Handa, 2015; Handa and Pandolfi, 2016) . However, the postcranial specimens of rhinocerotid from the Pleistocene have been poorly investigated. Therefore, the limb bone specimens from the Bisan-Seto area could provide knowledge of the postcranial specimens of the Pleistocene rhinocerotid in Japan. Of these, the radius is too fragmented to discuss its detailed morphology and taxonomic status. In contrast, the femur and tibia are almost completely preserved specimens ( Fig. 2) . Here, we re-describe the femur and tibia from the Bisan-Seto area.
In Japan, almost all of the Quaternary rhinocerotid fossils have been discovered from the Middle Pleistocene sediments, as is the cases with present specimens (Fig. 1) . Shikama et al. (1967) reported Dicerorhinus nipponicus from the Middle Pleistocene in Isa, Yamaguchi Prefecture (Fig. 1a) . Recently, this species was reidentified as Stephanorhinus kirchbergensis (Handa and Pandolfi, 2016) . Handa and Pandolfi (2016) also noted that the tooth fragments of Dicerorhinus sp. from the Middle Pleistocene in Matsugae, Fukuoka Prefecture (Ogino et al., 2009) , possibly belong to the same species. These results suggest the presence of Stephanorhinus in the Middle Pleistocene in Japan. The present study provides additional evidence to confirm this hypothesis.
Geological setting
The Plio-Pleistocene Mitoyo and Quaternary Bisanseto groups are distributed on the seabed of the Bisan-Seto area (Taruno and Yamamoto, 1988) . The Bisanseto Group is divided into the Ozuchijima, Tsuchinotoseto, and Bannosu formations, in ascending order. Moreover, the Ozuchijima Formation is subdivided into the lower and upper parts Taruno and Yamamoto, 1988) .
There are many small sea basins (basin A to Q: Taruno, 1988) in the Bisan-Seto area. The radius and tibia of rhinocerotid were collected from basins P and M, respectively (Fig. 1b) . The Mitoyo Group and the Ozuchijima Formation are distributed in basin P and M . The basins have yielded two species of the fossil Proboscidea, Stegodon orientalis and Palaeoloxodon naumanni . Stegodon orientalis was found in the Mitoyo Group or in the lower part of the Ozuchijima Formation. On the other hand, P. naumanni was discovered in the upper part of the Ozuchijima Formation. According to Kamei et al. (1988) , occurrences of S. orientalis and P. naumanni in Japan are correlated with the middle Middle Pleistocene (QM4: Quaternary mammal zones in the Japanese Islands: Kamei et al., 1988) and the late Middle Pleistocene (QM5), respectively. Therefore, the age of the Mitoyo and Bisanseto groups in basins P and M would be the middle Middle Pleistocene to late Middle Pleistocene.
Although the femur was found on the Bisan-Seto seabed, the exact locality of the specimen is uncertain (Taruno, 2000) . All of the sea basins in the Bisan-Seto area have yielded S. orientalis and/or P. naumanni . Therefore, the femur is also probably derived from the sediments dating from the middle Middle Pleistocene to late Middle Pleistocene (Mitoyo or Bisanseto groups).
Material and methods
The specimens described here are stored in the Kurashiki Museum of Natural History, Kurashiki, Okayama Prefecture, in western Japan. The taxonomy used in the present study follows Heissig (1973 Heissig ( , 1989 . The metrical methodology uses the standard measurement method of the postcrania by Guérin (1980) . The ratio diagram used in the present study follows Pandolfi and Tagliacozzo (2015) : A = log 10 ( a/b) = log 10 (a)-log 10 (b); A = difference in log value; a = measurement of studied specimen; b = measurement of the standard specimen. This method is used for comparing the relative proportions between the studied specimen with the standard specimen. The differences in the relative proportions are evaluated based on the pattern of the line graph (Figs. 3, 4) . The standard values for the ratio diagram are based on the data from the extant Diceros bicornis from Guérin (1980) .
In this study, the specimens were morphologically compared with the following Pleistocene rhinocerotids from Eurasia: Stephanorhinus kirchbergensis from Tau Taglia cozzo (2015) . The standard values for ratio diagram were based on the data on the extant Diceros bicornis from Guérin (1980) . sin in China ; R. unicornis (KPM-NF1002747).
Although, several extinct species of Dicerorhinus (e.g., D. kirchbergensis D. mercki, D. chukoutiensis, D. nipponicus) have been found in Eurasia, They have been reassigned to Stephanorhinus kirchbergensis by several researchers (e.g., Handa and Pandolfi, 2016 , and references therein). Other extinct species of Dicerorhinus from Europe have also been considered as several species of Stephanorhinus (e.g., . Therefore, the extinct species of Dicerorhinus is considered as Stephanorhinus in this study.
The taxonomic status of Rhinoceros from Asia is still debated. Several species of Rhinoceros has been reported from Asia such as Rhinoceros sinensis and R. sivalensis. Recently, Antoine (2012) noted that these extinct species are included as synonyms for R. unicornis. On the contrary, Tong (2012) assigned Rhinoceros sinensis to two species of Stephanorhinus. Additionally, almost the postcranial skeleton of almost all extinct species of the genus Rhinoceros from Asia were poorly known. Thus, the detailed comparison with the studied materials and the specimens of the extinct taxa were difficult. Therefore, postcranial specimen of these extant species, R. unicornis, is used to comparison in this study.
Abbreviations for the femur (Table 1 and Figure 3 ). L, length; DT tete., transverse diameter of the femoral head; DAP tete., antero-posterior diameter of the femoral head; DT prox., transverse diameter of the proximal part; DT mini. dia., minimum transverse diameter of the shaft; DAP dia., antero-posterior diameter of the shaft; DT dist., transverse diameter of the distal part; DAP dist., antero-posterior diameter of the distal part; H t, height of the third trochanter; DT t, transverse diameter of the shaft with the third trochanter.
Abbreviations for the tibia (Table 2 and Figure 4 ). L, length; DT prox., transverse diameter of the proximal part; DAP prox., antero-posterior diameter of the proximal part; DT dia., transverse diameter of the shaft; DAP dia., antero-posterior diameter of the shaft; DT dist., transverse diameter of the distal part; DAP dist., antero-posterior diameter of the distal part; DT artic. dist., transverse diameter of the distal articular part; DAP artic. dist., antero-posterior diameter of the distal articular part.
Other abbreviations. mini., minimum value; max., maximum value; KPM, Kanagawa Prefectural Museum of Natural History, Odawara, Japan; LV, Lunel-Viel, Hérault, France; MPUR, Museo di Paleontologia, Sapienza, University of Rome, Italy; YM, mammal fossil from the Yamamoto Collection in the Kurashiki Museum of Natural History; ZAPUJ, Zoological Museum, Jagiellonian University, Poland.
Systematic description
Order Perissodactyla Owen, 1848 Family Rhinocerotidae Owen, 1845 Subfamily Rhinocerotinae Owen, 1845 Tribe Rhinocerotini Gray, 1821 Genus Stephanorhinus Kretzoi, 1942 Stephanorhinus sp. 
Table .
Measurements of the left femur (YM-1048) and compared specimens (in mm). *: These specimens have the same catalogue number. Thus these are conveniently divided into -a and -b in this study.
Measurements of the left tibia (YM-059) and compared specimens (in mm). *: These specimens have the same specimen number. Thus, they are conveniently divided into -a and -b in this study.
Locality and horizon. The Bisan-Seto area in the Seto
Inland Sea, western Japan; the tibia was probably found in the Mitoyo Group or the Ozuchijima Formation. The femur was found in the Mitoyo or Bisanseto groups (detailed information of fossil-bearing stratum is uncertain); middle Middle Pleistocene to late Middle Pleistocene.
Measurements. Shown in Tables 1 and 2 . Description. The left femur (YM-1048) is well preserved ( Fig. 2a-2d ). The greater trochanter and the third trochanter are partially broken. The suture lines of the proximal and distal portions of the specimen are completely fused. The greater trochanter is lower than the femoral head in the anterior view. A lesser trochanter is weakly developed on the proximo-medial side of the femur. In the anterior view, the shaft of the femur is almost straight. The femoral head is hemisphere shaped.
The surface of the epiphysis of the head is flattened. A low and wide fovea capitis of the head is present. A third trochanter has developed. In the posterior view, a trochanteric fossa is shallow. The intertrochanteric crest is weak. The relationships between the medial lip of the trochlea and the diaphysis are ramp. The proximal border of the patellar trochlea is curved. In distal view, the medial part of the trochlea is higher than lateral part of it, forming asymmetrical shape. The intercondylar fossa is deep and narrow. Both medial and lateral condyles are oval shaped in posterior view. The left tibia (YM-059) is almost completely preserved ( Fig. 2e-2h) . The proximo-posterior surface is broken. The suture lines of the proximal and distal portions of the tibia are completely fused. The tibial tuberosity is well developed. A moderately deep ligamental groove is u-shaped in the anterior view. The cranial border of the tibial tuberosity is rounded in the proximal portion and tapering distally. This border runs down to the medial margin in the anterior view. The popliteal fossa is deep. In the proximal view, the outline of the proximal portion is nearly rectangular shaped (Fig. 2g) . The lateral condyle is larger than the medial condyle. The medial intercondylar process is higher than the lateral intercondylar process. These are divided by the shallow central intercondylar eminence. The popliteal line is not developed on the surface of the shaft. There is a small foramen on the posterior surface of the shaft. In the distal view, the outline of the articular surface is rectangular shaped. The facet for the astragalus is moderately concave. The antero-distal groove of the tibia is absent. In the anterior view, the medial malleolus is relatively low. A shallow medio-distal gutter is present. The fibular facet is situated proximally. The distal part of the facet for the fibula is developed. The posterior apophysis is low and rounded.
Comparison
Comparison of femur. The present specimen is similar to that of Stephanorhinus hemitoechus from NeumarkNord in Germany (van der Made, 2010) in having a relatively hemispherical femoral head, and weakly developed lesser trochanter. However the shaft of the present specimen is more slender and the neck of the head is narrower than those of the specimen from NeumarkNord.
The present specimen is also similar to that of Stephanorhinus kirchbergensis from Taubach in Germany (Kahlke, 1977) in having relatively hemispherical femoral head, a slender shaft, a weakly developed lesser trochanter, and the presence of the fovea capitis of the head. However, the patellar trochlea of the present specimen is wider and deeper than that of S. kirchbergensis from Taubach. The femur from Taubach has a more curved medial margin of the shaft than that of the present specimen. The intercondylar fossa of the present specimen is wider than that of the Taubach specimen.
The present specimen is similar to that of S. kirchbergensis from Nihewan Basin in China in having a relatively hemispherical femoral head and a weakly developed lesser trochanter, although the shaft of the femur of the present specimen is more slender than that of the specimen from Nihewan Basin. In addition, the intercondylar fossa of the present specimen is wider than that of the Nihewan Basin specimen.
The present specimen is similar to that of S. etruscus from Valdarno supérieur, Italy (Mazza, 1988) in having the femoral head, being hemispherically shaped, and having a weak developed lesser trochanter, the fovea capitis, and a strongly projected patellar trochlea. In contrast, the present specimens differ from that of S. etruscus from Valdarno supérieur: a more slender shaft, a more mesially situated third trochanter, and a wider and shallower intercondylar fossa in the distal view.
The present specimen is different from those of S. hundsheimensis from Soleilhac in France and S. hemitoechus from Caune de l Arago in France in having a more developed medial ridge of the patellar trochlea in the distal view .
The present specimen is different from that of Coelodonta antiquiatis from Poland (Borsuk-Bialynicka, 1973) in having a more slender shaft in the anterior view, a less developed lesser trochanter, a wider intercondylar fossa, and a wider patellar trochlea.
Compared with the femur of Rhinoceros unicornis (KPM-NF1002747), the present specimen has a more slender shaft, a lower situated great trochanter than the head, a relatively smaller third trochanter, a shallow trochanteric fossa, a less developed intercondylar crest, wide intertrochanteric fossa in the distal view, and a rounded medial trochanter in the distal view. Metrically, the dimensions of the present specimen are close to those of S. hemitoechus from NeumarkNord, Germany (Table 1 ). The ratio diagram shows that the proportions of the present specimen are similar to those of S. etruscus from Senèze, France (Fig. 3) .
Comparison of tibia. The present specimen is similar to that of S. etruscus from Senèze in France (Lacombat, 2005) in having a slender shaft, a low and rounded posterior apophysis, and a low medial maleolus. However, it differs from the Senèze specimen in having a pentagonal shaped lateral condyle and a trapezoidalshaped outline of the distal articular facet.
The present specimen is morphologically similar to that of S. hemitoechus from Caune l Arago in France (Lacombat, 2005) , although the posterior apophysis is more rounded and the medial malleolus is more projected.
The present specimen differs from that of S. kirchbergensis from Taubach in Germany (Kahlke, 1977) in having a more slender shaft, a more rounded posterior apophysis, a low medial malleolus and a wider lateral condyle in the proximal view.
The present specimen also differs from that of S. hundsheimensis from Soleilhac in France (Lacombat, 2005) in having a more rounded and lower posterior apophysis, a less projected medial malleolus, a more anteriorly projected tibial tuberosity, a more laterally elongated lateral condyle, and a wider lateral facet for the astragalus.
The present specimen obviously differs from that of Coelodonta nihowanensis from Shanshenmiaozui, in the Nihewan Basin in China , in having a more slender shaft, a less developed tibial tuberosity, a narrower ligamental groove, a laterally elongated lateral condyle, a less rounded medial margin of the medial condyle and a rounded medial mallelus.
The tibia of C. antiquitatis is characterized by a large and robust shaft, a deep ligamental groove, a developed tibial tuberosity, an oval-shaped lateral condyle, and a less developed medial maleolus (Borsuk-Bialyncka, 1973) . In contrast, the present specimen has a more slender shaft, a shallow ligamental groove, a less developed tibial tuberosity than that of C. antiquitatis, a laterally elongated lateral condyle, and a projected medial malleolus. Therefore, the present specimen is distinguished from the tibia of C. antiquitatis.
The present specimen clearly differs from that of R. unicornis (KPM-NF1002747) in having a slender shaft, a shallow popliteal fossa, a nearly quadrate shaped outline of the proximal portion, a rectangular shaped lateral condyle, a more developed medial intercondylar process, a relatively wide central intercondylar eminence, a sharp cranial border, a weak popliteal line, and a developed medial malleolus in the distal view.
The dimensions of the present specimen are close to the minimum value of S. kirchbersensis from western Europe ( Table 2 ). The proportions of the present specimen in the ratio diagram are relatively similar to those of S. etruscus from Senèze in France and S. kirchbersensis from western Europe (Fig. 4) .
Remarks. The present femur and tibia in this study are morphologically distinguished from those of Coelodonta and Rhinoceros. In contrast, the present specimens are morphologically and metrically comparable to several species of Stephanorhinus. However, the detailed specific identification is difficult because other elements that are usually used to identify the species, such as teeth and the skull, have not been recovered, and the differences in the morphological characteristics of the femur and tibia to distinguish various species have not been fully recognized yet. Therefore, the present specimens of the femur and tibia are identified as Stephanorhinus sp. in this study. Both the femur and tibia would be from relatively mature individuals because the suture lines of the proximal and distal portions are completely fused.
